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strength tubes, and 0.1 mL sample was put into each one of the other three 

tubes. Thus, all these samples contain Brilliant Green Lactose Bile Broth 

(BGLBB, Oxoid) medium. The tubes were incubated at 37 oC for 24 to 48 h. 

During this period, the gas accumulation in Durham tubes was observed and 

The Most Probable Coliform Number index was determined using the MPN 

(Finstein, 1972; Collins & Lyne, 1987; Veissman & Hammer, 1993).  

- In the faecal coliform (FC) counts, the same process was followed as 

in the total coliform (TC) counts, but the tubes were incubated at 44.5 °C. 

The Most Probable Faecal Coliform Number was determined from MPN 

index considering the gas accumulation in Durham tubes (Finstein, 1972; 

Collins & Lyne, 1987; Veissman & Hammer, 1993). 

 

Statistical Procedures 

 Statistical parameters of physico-chemical and microbiological 

analyses data were used to present the values of water quality characteristics. 

Pearson’s correlation coefficient (r) was used to show correlation between all 

parameters data using the SPSS Statistical Software 16.0 2007 (SPSS Inc.,). 

GIC are used to put the data in graph. Multivariate analysis of data set for the 

lake water quality was performed using Principal Component and Cluster 

Analysis techniques. 

 In this research, the calculations were performed based on the 

correlation matrix of chemical components. Also, the PCA were obtained 

from the standardized analytical data. CA was used to detect spatial 

similarity for grouping sampling sites located within the monitoring network. 

 

Results and Discussion 

 Lebanon’s water supply depends mainly on surface water sources 

with more than 60% of total available water. Lakes and ponds constitute a 

major portion of surface water. Thus, the largest artificial lake in Lebanon, 

the Qarraoun Lake, is considered as a fundamental water sources, especially 

for irrigation purposes. Even though the lake has been established since more 

than six decades, yet it is still utilized to compensate a large volume of water 

shortage in the Bekaa plain and a part of the coastal area as well.  

 Lately, the Qarraoun Lake is joined to a project at a national level. 

Thus, water from the lake will be conveyed to the areas below 800 meters. 

Nevertheless, water in the lake is being contaminated and this can be 

obviously observed. Therefore, conveying water to different regions will be 

harmful for human and crops. For this purpose, we were motivated towards 

applying this research. Thus, water from 18 different sites in the lake was 

sampled for detailed physiochemical and microbiological analysis. These 

parameters play a significant role in water quality, distribution, and the 
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abundance of aquatic organisms in the water. Also, it can be used for 

determining the water quality and productivity of the lake (Kara, 2004). 
Table 3. Physical parameters of water in the Qarraoun Lake 

Sites Parameters 

T(°C) pH EC (µs cm-1) TDS (mg/l) DO  

1 28.7 7.89 601 320 4.02 

2 28.2 7.86 618 333 4.12 

3 27.3 8.07 587 320 3.67 

4 27 7.84 501 348 3.43 

5 27.2 7.95 341 174 6.76 

6 25.4 8.04 359 230 6.97 

7 24.5 8.01 378 158 5.65 

8 25.3 7.95 608 386 5.02 

9 25.7 8.03 530 320 5.21 

10 26.6 7.65 612 405 4.03 

11 27.2 8 693 548 4.01 

12 27.9 7,65 689 511 2.97 

13 28.1 7.82 720 530 3.54 

14 28.2 7.81 810 589 2.01 

15 29.6 8.01 820 559 3.43 

16 28.9 7.95 386 156 9.05 

17 27.2 7.17 332 166 10.5 

18 25.4 7.34 354 172 12.45 

 WHO 

(2006) 
 

6.5-8.5 15.57-21.10 Max1500 

µs/cm 

˂500 mg/l ˂10 mg/l 

  

The temperature of the collected samples ranged from 24.6 to 28.7°C. 

According to Lawson (2011), these values were within the acceptable levels 

for survival (fish). Thus, the pH values of collected water samples ranged 

from 7.17 to 8.07, within the limit range of 6-9 allowed by the SEPAC for 

water quality.  

 In some sites, the alkaline (8.07) pH is a result of the presence of 

carbonates and bicarbonates in high concentration in Qarraoun Lake and this 

is due to the presence of Carbonate rocks. Thus, these results show that 

Qarraoun Lake is a favored environment for the living flora and fauna.   

 Dissolved Oxygen (DO) with a range between 2.01 and 12.45 mg/l is 

an important parameter of biogenic element, and it is also an important 

indicator of environmental health water (concentration of nutrients and 

organic matter). This level reflects the status of biological growth and water 

environmental pollution (WEI Qin-sheng, 2010). The DO concentration was 

depending on the changing of temperatures. The lower DO concentrations, 

the highest concentrations of decaying organic matter. In Qarraoun Lake, a 

clear decrease in DO (Table 3) levels was noticed in the sites 1-4 (at the 

effluent of the river in the Lake) as well as between the sites 10 and 14 
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eastern part of the Lake. This can be attributed to a higher concentration of 

organic matter there. The higher concentration of DO in sites 4 and 5 for 

examples is due to the different kind of pesticides used for agricultural 

activities. The highest DO was found at sites 16-18 at the center of lake. 

 Electrical conductivity is a tool to assess the purity of water. EC and 

TDS were found in the range 332- 820 µS/cm and 156 – 589 ppm, 

respectively. According to WHO, they are in acceptable levels.  

 

Microbial Contamination  

 According to the microbial analysis, the results show that the range of 

Total Coliform (TC) is 4570 to 27500 col/100 ml. The Figure 2 shows that 

the northern part (sites 1-4) of lakes and the site 14 was more polluted. The 

less contaminated was the sites 15 to 18 (center). 

 The concentration of FC varies from 10 col /100 ml in the middle of 

the lake to 761 col/100 ml in the site 8. The contamination is also high in the 

site 1, which is the point of contact between the Lake and the Litani River 

effluents. The sites 9, 11, 12 are moderately polluted by FC. The distribution 

and the level of contamination by fecal and total coliform in the sites are 

different. As a result, according to the data, the sites 2, 4, 5, 6, 7, 10, 13, 14, 

15 are moderate to less polluted by FC and severe to highly contaminated by 

TC. 

 
   Figure 2. Distribution of Total Coliform in the Qarraoun Lake 
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Table 4. The mean values of nutrient  
 

 

Libnor 

( 99) 

 

 

 

 WHO 

(2006) 

 

 

Values  

Parameter 

 

(ppm) 
 

Max 

 

Mean 
Min 

 

45 ppm Max 50 

ppm 
9.95 4.93 0.87 NO3

+ 

0.05 ppm Max 0.2 

ppm 1.89 0.95 

0.01 NO2
+ 

1 ppm Max 0.5 

ppm 
3.09 1.065 

0.01 

 

NH4+ 

200 ppm Max 250 

ppm 
38.1 25.15 

0.91 

 

Cl- 

1 ppm Max 1 ppm 5.45 2.29 
1.45 

 

PO3
4+ 

250 ppm Max 250 

ppm 
36.29 32.09056 

25.7 

 

SO4
2- 

150 ppm Max 150 

ppm 
9.7 8.98 

8.1 

 

Na+ 

0.005 ppm 0.003 ppm 3.8 1.79333 
0.7 

 

Cd 

1 ppm 1 ppm 
0.076 

 

0.04 
0.02 

 

Cu 2+ 

0.3 ppm 0.3 ppm 1.78 
0.15 

 
0.01 

 

Fe 3+ 

50 ppm 50 ppm 2-7 2-9 1-6 Mg 2+ 

Not available 0.01 ppm 39.98 26.32 
10.5 

 

Br 

5 ppm 25 ppm 0.16 0.06 0.0037 Zn 

0.05 ppm 0.05 ppm 0.07 0.03 
0.005 

 

Cr6+ 

0. 05 ppm 0. 05 ppm 0.09 0.02 
0.002 

 

Mn 

 

 Table 4 shows that the mean values of nitrite, ammonium, and 

phosphorus were almost higher than the acceptable guidelines, while the 

concentration of nitrate, chloride, and sulfate were among the acceptable 

levels. 

 In order to describe the source of contaminants which are discharging 

in the reservoir, land cover, which is a land use component, must be 

identified. The map (Figure 3) covers the area that surrounded the Lake, and 

it includes mainly urban and industrial sites, bare soil, and vegetation cover. 

The map was extracted from Landsat ETM satellite image (30 m resolution) 



European Scientific Journal August 2018 /SPECIAL/ edition ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431 

196 

of the year 2012, by using ERDAS-Imagine software for image processing. 

Thus, a supervised classification was applied for this purpose.  

 Furthermore, there are several sources of pollution that surrounded 

the Qarraoun Lake. They mainly imply: agricultural residue, farms, and 

different forms of industries, sewage network outlets, and municipal solid 

waste dumping. In order to detect the source and the efficiency of 

contamination, a table of correlation (Table 5) between analytic values was 

plotted. For example, industrial discharges (e.g. mineral and tanning 

processing, etc) can explain the significant association between Fe/Cd and 

Cd /Mn. Additionally, the association between Nitrate and fecal Coliform (r 

= 0.585, p< 0.05) and Nitrate/Total Coliform (r= 0.696, p< 0.05) are 

significant. Thus, this is due to the domestic wastewater effluents and 

sewage. Sodium/ chloride (r= 0.810 p< 0.05) association are significant and 

Ammonium/iron are due to fertilizers and other agricultural sources.  

 
Figure 3. Land cover of Qarraoun (CNRS, 2012) 
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Table 5. Matrix of correlation 

                  

  T pH EC TDS DO NO3 NO2 NH4  Cl SO4 PO4 Br Fe Cd Zn Mn Cu Cr Na 

T 1.00                                     

pH 0.04 1.00                                   

EC 0.53 0.25 1.00                                 

TDS 0.44 0.19 0.96 1.00                               

DO -0.31 -0.55 -0.81 -0.77 1.00                             

NO3 0.30 0.46 0.58 0.49 -0.66 1.00                           

NO2 -0.04 0.52 0.04 0.12 -0.36 0.11 1.00                         

NH4 -0.20 0.38 0.01 0.01 -0.27 0.28 0.38 1.00                       

Cl 0.49 -0.37 0.63 0.59 -0.22 0.11 -0.34 -0.23 1.00                     

SO4 0.38 0.06 0.24 0.19 -0.30 0.39 -0.16 0.04 0.04 1.00                   

PO4 0.28 -0.66 -0.18 -0.15 0.46 -0.42 -0.42 -0.34 0.38 0.18 1.00                 

Br -0.26 0.49 -0.26 -0.33 0.00 0.12 0.25 0.48 -0.40 0.10 -0.22 1.00               

Fe 0.31 0.09 0.09 -0.04 -0.14 0.23 -0.07 0.51 0.02 0.03 0.00 0.12 1.00             

Cd 0.59 -0.22 0.37 0.27 -0.26 0.07 -0.03 0.19 0.46 0.15 0.15 -0.34 0.57 1.00           

Zn -0.05 0.13 0.38 0.39 -0.50 0.30 0.01 0.23 0.18 0.03 -0.48 -0.18 0.16 0.24 1.00         

Mn -0.46 0.18 -0.20 -0.09 0.10 0.05 0.33 0.48 -0.43 -0.19 -0.27 0.13 -0.19 -0.38 -0.02 1.00       

Cu -0.17 0.05 0.43 0.41 -0.33 0.14 -0.34 -0.29 0.20 -0.02 -0.17 -0.21 -0.23 -0.29 0.35 0.06 1.00     

Cr -0.55 0.11 -0.49 -0.49 0.36 -0.16 -0.08 -0.28 -0.48 -0.35 -0.18 -0.07 -0.33 -0.62 -0.27 0.26 0.11 1.00   

Na 0.54 -0.48 0.46 0.50 -0.08 0.01 -0.22 -0.46 0.81 0.15 0.59 -0.42 -0.23 0.26 -0.16 -0.37 0.10 -0.47 1.00 
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 In order to simplify the evaluation of water quality, however, PCA was 

applied for physical-chemical nutrient and its correlation with the bacteria.  

 PCA provides information on the most significant parameters used to 

describe the entire data set, data reduction, and to summarize the statistical 

correlation among constituents in the water with a minimum loss of original 

information (Helena et al., 2000). PCA has been used to determine the 

structure of the underlying dataset and to identify the unobservable, latent 

pollution sources. 

 Projection of the original variables on the sub space of the PCs are 

called loading, and it coincides with the correlation coefficients between PCs 

and variables (Vega et al., 1998). Loading of four retained PCs are presented 

in Table 6.  
Table 6. The four principal components of physical-chemical parameters of the Qarraoun Lake 

 

 The four components of PCA analysis showed 67.46 % (Table 6) of 

the variance data set as the eigenvectors. However, this classified the 21 

physico-chemical parameters into four groups. The first component (F1) 

accounts for 26.89% of the total variance which was correlated with T, TDS, 

Ec, NO3, TC, FC, Zn, Cd, Cu, Na,  SO4, Cl-
 positives and with DO, Cr 

negatives. 

Parameters F1 F2 F3 F4 

T 0.23 -0.22 0.23 0.22 

pH 0.12 0.34 -0.03 0.27 

EC 0.38 -0.06 -0.16 0.10 

TDS 0.35 -0.06 -0.19 0.13 

DO -0.36 -0.14 0.09 -0.14 

NO3 0.29 0.16 -0.03 0.08 

NO2 0.05 0.26 0.10 0.23 

NH4 0.09 0.30 0.30 - 0.16 

Cl 0.23 -0.31 -0.08 -0.16 

SO4 0.14 -0.06 0.13 0.38 

PO4 - 0.10 -0.36 0.13 -0.01 

Br -0.07 0.25 0.19 0.24 

Fe 0.12 0.05 0.43 -0.23 

Cd 0.22 -0.15 0.36 -0.25 

Zn 0.21 0.11 -0.10 -0.25 

Mn - 0.09 0.25 - 0.11 -0.10 

Cu 0.10 -0.02 -0.48 -0.03 

Cr -0.24 0.14 -0.29 -0.14 

Na 0.14 -0.37 -0.08 0.13 

TC 0.25 0.19 0.10 -0.28 

FC 0.28 0.16 -0.10 - 0.08 

Eigenvalue 5.91 4.63 2.57 1.71 

Variability% 26.89 21.09 11.69 7.80 

Cumulative % 26.89 47.98 59.66 67.46 
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 The second component (F2) included NO2, NH4, pH, Mn, and Br.  

This component is accounting for 21.09% of the total variance measured that 

demonstrated strong positive loadings for major ions. 

 The third components (F3) is accounting for 11.69% of total 

variance. It was correlated positively with Fe, Cd, PO4, and negatively with 

Cu. 

 The fourth components (F4) included SO4, which demonstrated 

7.80% of the total variance.  

 Subsequently, the analysis of the result shows that most of the 

variables highly contributed by F1, F2, and F3. The majority of information 

is explained by the first three factorial axes. As a result, we took it into 

consideration during this study. 

 

Cluster Analysis 

 It is usually used and it is defined as the classification of similar 

objects into groups, where the number of groups as well as their forms are 

unknown (Kaufman et al., 1990). This is with the primary purpose being the 

assembly of objects based on the characteristics they possess. Hierarchical 

agglomerative clustering is the most common approach, which provides 

instinctive similarity relationships between any sample and the entire data 

set. Hence, it is typically illustrated by a dendrogram (tree diagram). The 

dendrogram presents a picture of the groups and their proximity to one 

another, with a dramatic reduction in the dimensionality of the original data 

(Alberto et al., 2001).  
Hiear c h ic  Dir ec t  Clas s if ic at ion  

1    

3    

2    

4    

10   

11   

9    

8    

12   

13   

14   

15   

17   

6    

7    

18   

5    

16   

Figure 3. Agglomerative hierarchical clustering based on the PCA scores 
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 A dendrogram of sampling sites obtained by Ward's method is shown 

in Figure 3. It was divided into:  

- Cluster 1 corresponded to sites 1, 3, 2, 4, 10, 11, 9, 8; 

- Cluster 2 corresponded to sites 12, 13, 14, 15; 

- Cluster 3 corresponded to the site 17; and 

-  Cluster 4 corresponded to sites 6, 7, 18, 5, 16.  

 Cluster analysis revealed that water quality measured at these sites 

appeared to be affected by different pollutant sources, and thus describes the 

different properties at each site with respect to chemical and microbial 

variables. Therefore, we apply the pollution index P method to demonstrate 

the results of CA analysis. The details of the comprehensive pollution index 

are shown below: 

P =   
1

𝑛
∑ 𝐶𝑖/𝑆𝑖𝑛
𝑖=1  

 Where P is comprehensive pollution index, Ci is the measured 

concentration of the pollutant (mg/L), Si represents the limits allowed by 

the WHO for water quality, and n is the number of selected pollutants. 

Ultimately, the values determined for P could be used to classify the water 

quality level of the Lake (Table 7). 
Comprehensive Pollution Index (P) 

 

Water Quality Level  

≤0.20 Cleanness 

0.21-0.40 Sub-cleanness 

0.41-1.00 Slight pollution 

1.01-2.0 Moderate pollution 

≥2.01 Severe pollution 

Table 7.  Standard of surface water quality classification (Zhao et al., 2012) 

 

 The values of the comprehensive pollution index (Table 8) were 2.72, 

1.08, 1.25, 1.35, 1.09, 1.13, 1.37, 1.59, and 1.09 for the sites 1, 3, 2, 4, 10, 

11, 9 and 8, respectively. This demonstrates severe to moderate pollution 

index. In sites 1, 2, 3, the quality of water was determined to have been 

influenced by the direct discharge from the Litani River. Also, it was 

characterized by high concentration of metals nutrients and bacteria. Figure 4 

show that site 1 was characterized by severe pollution index, while sites 2 

and 3 were characterized by moderate pollution index. Also, sites 8 and 9 

were subjected to many tourist attractions, in addition to the presence of 

industrial activities that are characterized by moderate pollution. Site 11 is 

characterized by the presence of fruits and olive tree. All these sites are 

characterized by the presence of high levels of bacteria, nitrite, ammonium, 

potassium, and manganese. Therefore, this is due to the excessive fertilizers 

and animal wastes from the neighborhood. 
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Table 8.  Single and comprehensive pollution index 

Sites P  

NO3 

P  

NO2 

P  

NH4 

P  

Cl 

P 

SO4 

P 

PO4 

P  

Na 

P  

Fe 

P  

Mn 

P 

 Cu 

P 

Site 1 6.89 3.8 6.14 0.10 0.12 2.4 0.05 5.93 1.8 0.03   2.72 

Site 2 0.11 5.35 3.34 0.10 0.14 1.5 0.05 0.6 1.34 0.02 1.25 

Site 3 0.197 4.66 2.02 0.10 0.12 1.89 0.05 0.4 1.34 0.03 1.08 

Site 4 0.08 4.91 3.6 0.11 0.13 2.00 0.06 0.23 2.34 0.03 1.35 

Site 5 0.10 6.76 0.02 0.00 0.13 1.56 0.05 0.2 0.77 0.02 0.96 

Site 6 0.09 9.45 6.18 0.00 0.12 1.45 0.05 0.03 1 0.03 1.84 

Site 7 0.02 3.35 1.34 0.02 0.12 1.65 0.05 0.06 1.52 0.07 0.82 

Site 8 0.10 5.62 1.74 0.10 0.12 1.74 0.05 0.03 1.29 0.05 1.09 

Site 9 0.11 5.97 4.62 0.10 0.12 1.93 0.06 0.29 1.3 0.04 1. 59 

Site 10 0.15 3.35 2.68 0.10 0.13 2.01 0.06 0.4 2.4 0.06 1.13 

Site 11 0.09 5.24 4.02 0.10 0.12 2.64 0.06 0.4 1.04 0.03 1.37 

Site 12 0.04 9.35 1.52 0.15 0.11 2.65 0.06 0.16 1.22 0.04 1.53 

Site 13 0.10 5.02 0.3 0.13 0.13 2.1 0.06 0.06 3.31 0.05 1.12 

Site 14 0.16 4.84 0.4 0.12 0.13 2.31 0.06 0.03 0.86 0.06 0.9 

Site 15 0.13 1.15 0.12 0.15 0.13 2.31 0.06 0.1 1.12 0.07 0.53 

Site 16 0.03 6.45 0.14 0.09 0.12 3.42 0.06 0.33 0.07 0.02 1.07 

Site 17 0.02 0.05 0.04 0.12 0.14 5.45 0.06 0.03 0.07 0.03 0.60 

Site 18 0.01 0.3 0.12 0.12 0.10 2.35 0.06 0.06 1.12 0.04 0.43 

 

 Cluster 2 corresponded to sites 12, 13, 14 and 15 and the 

comprehensive pollution indices of these sites are 1.53, 1.12, 0.9 and 0.53, 

respectively. This demonstrates slight to moderate pollution index. All these 

sites are characterized by the presence of nutrients such as phosphate, nitrite, 

and bacterial contamination. Also, these sites are adjacent to open areas, 

which are cultivated by fruits tree and important human activity.  

 
Figure 4.  Level of pollution Index in investigated sites 
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 Cluster 3 corresponded to the site 17 was determined to be slightly 

polluted, with a comprehensive pollution index value of 0.60. Whereas, 

cluster 4 corresponded to sites 6, 7, 18, 5, 16 with 1.84, 0.82, 0.43, 0.96, 1.07 

pollution indices. Sites 6 and 16 were characterized by moderate pollution 

influenced by the presence of nitrite and phosphate which may be due to the 

inputs of fertilizers because it seems that the site 16 was cultivated by fruits. 

Sites 5 and 7 were characterized by slight pollution and the Sub-cleanness 

site is the site 18. 

 The spatial variation of water quality in the Qarraoun Lake showed 

that the water quality at the centre was better than all the sites surrounding 

the lake. Hence, it can be used for many purposes (irrigation, industrials 

activities).   

 

Conclusion  

 Different multivariate statistical techniques were used to evaluate 

variations in water quality of the Qaraaoun Lake. PCA helped to identify the 

sources responsible for water quality variations in the Lake. The main reason 

for quality deterioration in the Lake is found to be attributed to the discharge 

from the Litani River, the residues of agricultural, in addition to irrigated 

lands that relies on fertilizers and industrial activities, the domestic sewage, 

and pollution from the surrounding villages to the Lake.  

 Clusters showed that the Lake is divided into three parts. In the first 

part, there is a receiving site which is characterized by the river inflow where 

evaporation rate is high; thus, severe pollution exists. The level of 

contamination by bacteria (TC and FC) was high. The pollution index was 

severe to moderate in this part because the lake has recently become a 

wastewater collector. In addition, human activities that exist near the lake 

exaggerate the problem, especially along the eastern shore where settlements 

are found.  Pollution index of nitrite and phosphate was high in the western 

and the eastern part of this site. 

 The second part is characterized by slight to moderate pollution 

where the dam induces sediments deposition that may cause anaerobic beds.  

 The third part is characterized by the presence of slight pollution and 

the sub-cleanness parts. In this part, water can be used for irrigation, 

livestock, and fisheries and it can be used in industries after treatment.  

The lake is completely polluted and about 80 of the sites were 

moderately polluted in the western and eastern part. As a result: 

- To use their water in irrigation, the concentration of salts in water 

must be low. In this study, the concentration of Cl- and Na was very low 

(table). Additionally, the Bekaa plain soils do not yet suffer from a high salt 

content. For that, the reservoir water is fully suitable for irrigation use. 
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- The presence of bacteria (TC and FC) eliminated the concept of using 

this water for drinking and in food and drink industries. Additionally, WHO 

guidelines (WHO, 1996) require that all water intended for drinking must be 

free from bacteria (CF).  However, filtration and disinfection treatment of 

water is necessary and preferable by ozone treatment based on the quality of 

odour and taste. 

 Study of sediment is necessary to the lake of Qarraoun.  
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